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Previous case reports have demonstrated that cervical spondylodiscitis and cervical spinal epidural abscess have arisen from minor trauma and injury to the posterior pharyngeal mucosa after ingestion of a foreign body. 7, 14 In these cases, microperforation of the posterior pharyngeal wall served as a source of infection to the retropharyngeal space and, consequently, the cervical spine.
Additionally, high-energy trauma to the cervical spine caused by hyperextension injuries has been shown to result in retropharyngeal and paravertebral soft-tissue injury in the pediatric population. 1, 8 Classically, rear end-impact car crashes or contact sport injuries are the causative mechanism. The injury can cause esophageal perforation and microrupture of the retropharyngeal mucosa, thereby acting as a source of infection to the prevertebral space. 13 To date, to the best of our knowledge, there have been no previously reported cases of cervical osteomyelitis after cervical trauma and pharyngeal soft-tissue injury in the pediatric population. We describe an unusual case in which delayed cervical osteomyelitis and epidural abscess were seen after a pharyngeal soft-tissue injury due to cervical trauma in an adolescent patient. Because of the risk of delayed diagnosis, clinicians should be aware of the potential for infections of the cervical spine after a cervical injury associated with retropharyngeal tissue disruption and dysphagia.
Case Report Presentation and Initial Management
A previously healthy 15-year-old boy sustained an injury to his neck during a basketball game when another player fell on top of him, causing sudden forceful extension of the cervical spine. He reported significant neck pain at the time of the injury and two episodes of vomiting the next day. He also complained of dysphagia approximately 8-16 hours after the injury. Twenty-four hours after injury, he had an uncomfortable sensation when swallowing, so he could only drink liquids. When he ate solid food, it pressed against his neck and made him uncomfortable, but he did not have significant pain. After findings on radiographs obtained at an outside emergency department were interpreted as normal, he was discharged to home and prescribed 600 mg of ibuprofen and 5 mg of cyclobenzaprine. No cervical collar was placed at this time.
Three days after the injury, the patient was seen at our emergency department complaining of persistent, worsening neck pain and dysphagia. Neck movement was painful and restricted in all directions. There was no tenderness over the cervical spine or surrounding musculature and no focal neurological findings. Magnetic resonance imaging (MRI) (sagittal T1-weighted, T2-weighted, and short-tau inversion-recovery [STIR] images without contrast) of the cervical spine revealed prevertebral soft-tissue swelling extending from C-2 to C-5. Mild separation of the C4-5 disc from the vertebral body and disruption of a small area of the anterior longitudinal ligament along the superior aspect of C-5 were suggestive of an injury along the C4-5 disc space. There was no evidence of fracture or malalignment of the vertebral bodies, and no spinal cord compression or intraspinal abnormalities were identified. Retropharyngeal injury was not reported at the time of this MRI session. The patient's neck was immobilized with a cervical collar, and he was discharged and prescribed analgesic medications (acetaminophen-codeine 300-mg/30-mg tablets).
After 7-8 days, the dysphagia resolved and did not return. During evaluation by pediatric neurosurgery 17 days after discharge, the patient's neck pain had also resolved. He exhibited posterior neck stiffness and decreased extension of the cervical spine. Neck movement was otherwise intact, and there was no edema, crepitus, or tenderness along the cervical spine. The findings of a neurological examination were normal. Flexion-extension radiographs showed no instability (Fig. 1) . Physical examination during reassessment 31 days after discharge revealed improved range of motion with extension, but the patient had remaining tightness with cervical spine rotation. He did not demonstrate any additional deficits during the followup examination, so the cervical collar was removed and the patient was released from neurosurgical care.
Presentation With Abscess
Nine months after the initial injury, the patient presented to a pediatric orthopedic surgery office complaining of increasing pain in the cervical spine accompanied by left shoulder pain. This pain had persisted for several weeks and was moderately relieved with ketorolac and diazepam. He denied any numbness, tingling, or changes in bowel or bladder control. Physical examination revealed tenderness of the cervical paravertebral musculature and increased pain with hyperextension and forward flexion of the cervical spine. Neck flexion, extension, lateral side bending, and rotation were restricted.
A standing, anteroposterior radiograph of the cervical spine revealed disc space narrowing and endplate irregularity at the C4-5 level. No retrolisthesis or anterolisthesis was noted. MRI of the cervical spine revealed C4-5 discitis/osteomyelitis with cortical endplate destruction and a paraspinal/epidural phlegmon, but no spinal cord compression was noted (Fig. 2) . The previous MR images obtained at the time of the injury were reviewed again. Sagittal STIR MRI without contrast showed a disruption in the cervical C4-5 disc space, a small tear in the anterior longitudinal ligament, and edema and/or a small perforation in the retropharyngeal space (Fig. 3) .
Based on the MRI results, the patient was advised to go to the emergency department for further evaluation. Laboratory workup showed a normal white blood cell count (7190/μl; reference range 4500-11,000/μl), an elevated erythrocyte sedimentation rate (ESR) (19 mm/hour; reference range 0-10 mm/hour), and an elevated C-reactive protein (CRP) (1.0 mg/dl; reference range 0.00-0.3 mg/dl). Blood cultures taken at this time were negative. An esophagram was performed, and no areas of leakage were identified. Because the most likely mechanism of bacterial spread was deemed to be a microperforation of the pharynx at the time of the injury that seeded the bone, endoscopy was not thought to be necessary since a mucosal perforation this small would have healed completely after 9 months. The patient was evaluated for a biopsy of the lesion; however, given the proximity to the carotid artery, esophagus, and trachea, the interventional radiologist and otolaryngologist did not do a needle biopsy because they believed that the risk of procedure was not acceptable in the setting of an osteomyelitis likely caused by oral flora that would therefore likely be responsive to standard antibiotic treatment. We thought that the collection was not large enough to warrant an open biopsy. Therefore, the patient was empirically placed on ampicillin-sulbactam (3 g intravenously every 6 hours) and vancomycin (1300 mg intravenously every 8 hours) and admitted to the pediatric intensive care unit for observation. A soft collar was placed for comfort. He exhibited improvement in the intensive care unit and was transferred to the floor after 1 day, where he made continued improvement in his symptoms. An echocardiogram was obtained to rule out cardiac vegetations. The patient was discharged on the 4th day of hospitalization. A 6-week course of intravenous antibiotics was recommended in the form of linezolid and ceftriaxone.
Follow-Up
On follow-up 1 month postdischarge, the patient had full range of motion of the cervical spine with minimal pain. His extension was improved, but he was still missing 15° of full terminal extension. Upper-extremity strength was normal, as were biceps and triceps reflexes. Two weeks later, cervical spine plain radiographs showed obliteration of the disc space between C-4 and C-5 but no change in disc heights in adjacent vertebrae. There was no antero-or retrolisthesis and improved alignment was observed. MRI of the cervical spine with and without contrast showed further loss of vertebral body height but resolved paraspinal/epidural phlegmon (Fig. 4) . Physical examination revealed full range of motion of the cervical spine, including extension, so the use of the collar was discontinued. Four months later, a flexion-extension radiography show autofusion of C-4 and C-5 (Fig. 5) .
Discussion
This case demonstrates a rare example of a pediatric cervical injury that likely led to delayed cervical osteomyelitis from a small pharyngeal perforation that seeded the bone and eventually developed into osteomyelitis. Extension injuries of the cervical spine commonly involve the anterior longitudinal ligament, disc space, and, occasionally, the posterior longitudinal ligament; 6 however, infectious seeding of the cervical spine from traumatic retropharyngeal injuries, while previously described, is far less common. 5, 7, 14 The presentation and clinical course of cervical osteomyelitis after cervical trauma is described to increase awareness of this rare complication.
Epidemiology of Pediatric Vertebral Osteomyelitis
The main mechanism of osteomyelitic spread is hematogenous (50%), followed by direct extension (33%) and inoculation from spinal procedures (15%). 5 The most common bacterium identified is Staphylococcus aureus   FIG. 2 . Sagittal T1-weighted (A), T2-weighted (B), and STIR (C) images without contrast. A C4-5 discitis/osteomyelitis with cortical endplate destruction is seen (arrow).
FIG. 3. A:
Sagittal T2-weighted MR image of the cervical spine without contrast enhancement. The obliquely oriented hyperintense signal extends from the inferior portion of the C4-5 intervertebral disc into the thinned and partially torn anterior longitudinal ligament (thick arrow). The hyperintense signal anterior to the C3-5 vertebrae (fluid and/or edema) is in either the prevertebral space or the retropharyngeal space (thin arrow). This is indeterminate on sagittal image, but more visible on axial images. B: Axial T2-weighted MR image of the cervical spine without contrast at the C4-5 level. Hyperintense signal (fluid and/or edema) is in both the retropharyngeal space anterior to the paired longus colli muscles (three arrows) and in the prevertebral space, between the anterior margin of the intervertebral disc and the paired longus colli muscles (single arrow, one on each side), suggestive of a perforation. C: Axial T2-weighted MR image of the cervical spine without contrast at the C5-6 level. In contrast to the level above, at this level there is no abnormal fluid or edema in either the retropharyngeal space or the prevertebral space. There is normal signal anterior and posterior to the longus colli muscles.
(63%-80%). 9 In children younger than 5 years of age, infections tend to first present in the disc space because of the vascular channels in the cartilaginous regions of the disc space that involute by adolescence. The mechanism of infection in older children is thought to be hematogenous spread via end arteries that supply the subchondral spongy bone. The infection then seeds the bone and spreads by direct extension. 9 
Diagnosis
Laboratory tests for osteomyelitis are often not helpful. Fernandez et al. 4 found that in patients with pediatric vertebral osteomyelitis, the mean white blood cell count was only 12,600 μl, the mean ESR was slightly elevated at 45.6 mm/hour, and the mean CRP was normal to slightly elevated. Unfortunately, blood cultures and local biopsies are often negative. 3 In the adult population, the procalcitonin level has been found to be more reliable than ESR and CRP, but this finding has not yet been replicated in pediatric patients. 4 Therefore, the best diagnostic modality is often imaging, specifically MRI scans. MRI has a sensitivity of 96%, specificity of 93%, and accuracy of 94% compared with 82% sensitivity, 57% specificity, and 73% accuracy for radiography in diagnosing an epidural abscess or osteomyelitis. 4 
Treatment
Because vertebral osteomyelitis in children is not common, there are no standard guidelines for treatment. Therefore, the current gold standard is the same as with any pediatric osteomyelitis, namely, empirical treatment with antibiotics, first broadly and then narrowed, if a causative agent is isolated. If a bacterium is not isolated, then broad antibiotics are continued. 3 If the treatment does not respond to antibiotics, then a surgical debridement can be done, but this is not the preferred initial treatment. 
Retropharyngeal Perforations Causing Cervical Osteomyelitis
Although unusual, cervical vertebral osteomyelitis is a known complication of retropharyngeal perforations. Jeon et al. 7 reported a cervical abscess that was caused by ingestion of a fish bone. In a study by Goulart et al., 5 the authors reported a large retropharyngeal abscess that evolved into a spinal osteomyelitis and epidural abscess after high-energy trauma and an unrecognized unstable cervical injury. Wadie et al. 14 reported the case of a patient with a microperforation of the posterior pharyngeal wall caused by a pin, with no mucosal tear, who presented over a month later with osteomyelitis.
Retropharyngeal abscesses most commonly form from bacteria originating in the nasopharynx, middle ear, sinuses, or tonsils. The lymph nodes in this area degenerate during adolescence so there is a high incidence of spontaneous retropharyngeal abscesses in the adult population. The anatomy of the retropharyngeal space is defined by anterior and posterior compartments. These compartments are separated by alar fascia that derives from the deep cervical fascia. This fascia extends anteriorly from the skull base to the T-4 vertebra. Posteriorly, it extends down to the diaphragm. 5 Between the alar fascia and prevertebral fascia is a space referred to as the "danger space" because it is an important potential pathway for spread of cranial or cervical pathology such as hemorrhage or infection. 
Cervical Injuries Causing Retropharyngeal Perforation
Cervical injuries causing subsequent injury to the ret- ropharyngeal space have been reported in the literature as well. In 1980, Stringer et al. 11 described a cervical hyperextension injury that caused an esophageal perforation. Nurata et al. 8 described a retropharyngeal hematoma and widened prevertebral space secondary to a whiplash injury. Anagnostara et al. 1 described a retropharyngeal hematoma and prevertebral edema caused by whiplash. Of note, in a retrospective review, approximately 10% of patients with a spinal epidural abscess had a history of extraspinal or spinal trauma. 5 In addition, the cervical injuries associated with retropharyngeal perforation tend to involve the anterior longitudinal ligament or anterior annulus.
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Cervical Injury, Retropharyngeal Injury, and Vertebral Osteomyelitis
This case combines an anterior cervical extension injury in which there was a known tear of the anterior longitudinal ligament, retropharyngeal edema, and likely a small pharyngeal perforation with a delayed osteomyelitis. Given the evidence that there is an association between retropharyngeal microperforations and osteomyelitis, when a cervical injury involves enough force to cause a disruption of the anterior longitudinal ligament, anterior annulus fibrosis, and retropharyngeal space, and when the patient has dysphagia after the injury, suspicion should be high for a pharyngeal injury. Further evaluation should include an esophagram and possibly endoscopy to rule out a perforation so that a decision can be made at the time of injury about whether antibiotics are needed for effective treatment and prevention of osteomyelitis.
